METHODS FOR MANUFACTURING HYDROGEN STORAGE TANKS 



BACKGROUND OF THE INVENTION 
[0001] 

Field of the Invention 

The present invention relates to methods for manufacturing hydrogen storage 
tanks and techniques for storing hydrogen within the hydrogen storage tank. 

[0002] 

Description of the Related Art 

Hydrogen is becoming more popular as an alternative fuel source and vehicles 
that utilize fuel cells as a source of power, instead of a combustion engine, have been 
proposed. Such fuel cells can efficiently generate energy by oxidizing hydrogen. 
Therefore, techniques have been proposed for effectively storing hydrogen using a 
hydrogen-absorbing alloy* 
[0003] 

Known hydrogen-absorbing alloys absorb hydrogen when exposed to hydrogen 
under certain pressure and temperature conditions. By heating the hydrogen-absorbing 
alloy, hydrogen may then be released. Thus, in order to efficiently utilize a hydrogen- 
absorbing alloy to store hydrogen, the hydrogen-absorbing alloy must be activated to 
appropriately absorb and release hydrogen. 
[0004] 

Pulverization has been described as one method for activating the hydrogen- 
absorbing alloy. By breaking up and pulverizing the hydrogen-absorbing alloy, a 
powdered hydrogen-absorbing alloy can be obtained* For example, Japanese Laid-open 
Patent Publication No. 7-157813 describes a technique of disposing a hydrogen- 
absorbing alloy within a vessel that is maintained in a vacuum or a hydrogen atmosphere. 
Then, shape memory alloy chips are disposed within or inserted into the hydrogen- 
absorbing alloy, thereby deforming the shape memory alloy chips. Due to the elastic 
restoring force of the shape memory alloy chips, the hydrogen-absorbing alloy will be 
broken up and pulverized by the shape memory alloy chips returning to their original 
shape. 



[0005] 

However, when the hydrogen-absorbing alloy absorbs hydrogen, the hydrogen- 
absorbing alloy expands and the volume of the hydrogen absorbing alloy will increase. 
Therefore, the volume expansion ratio of the hydrogen-absorbing alloy during hydrogen 
absorption must be accurately calculated in advance in order to accurately determine the 
total amount of the hydrogen-absorbing alloy that will be filled within a hydrogen storage 
tank. Otherwise, excessively high stress will be exerted onto the hydrogen storage tank 
body due to the expansion of hydrogen-absorbing alloy that has absorbed hydrogen. 

[0006] 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present teachings to provide improved techniques 
for storing hydrogen. 
[0007] 

In one representative method according to the present teachings, a hydrogen 
storage tank may be manufactured with a powdered hydrogen-absorbing alloy disposed 
therein. For example, an activation vessel first may be filled with a hydrogen-absorbing 
alloy. The alloy is preferably in a substantially solid block or ingot form. Then, hydrogen 
gas may be introduced into the activation vessel. The absorption of hydrogen gas 
preferably causes the hydrogen-absorbing alloy to pulverize and become substantially 
powdered. In other words, the hydrogen-absorbing alloy can be activated by absorbing 
hydrogen within the activation vessel. In a preferred embodiment of the present teachings, 
"activation" may be defined by a process that enables the hydrogen-absorbing alloy to 
sufficiently absorb and store hydrogen. The term "substantially powdered" is intended to 
encompass not only powders having a uniform diameter, but also a small pieces or chips 
of the hydrogen-absorbing alloy. 
[0008] 

After activating the hydrogen-absorbing alloy in the activation vessel, a 
hydrogen storage tank can be prepared. For example, a vacuum may be applied to the 
hydrogen storage tank in order to substantially evacuate the interior of the hydrogen 
storage tank. In addition or in the alternative, a substantially inert gas may be introduced 
into the hydrogen storage tank. Thereafter, the interior of the hydrogen storage tank is 



placed in communication with (e.g., connected to) the activation vessel and the powdered 
hydrogen-absorbing alloy is transferred from the activation vessel to the hydrogen 
storage tank. According to the present teachings, accurate calculation of the volume 
expansion ratio of the hydrogen-absorbing alloy during the activation process and during 
the absorption of the hydrogen is not necessary, because the hydrogen-absorbing alloy 
has already expanded by absorbing hydrogen before being introduced into the hydrogen 
storage tank. 
[0009] 

Other objects, features and advantage of the present invention will be readily 
understood after reading the following detailed description together with the 
accompanying drawings and the claims. 

[0010] 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing a high-pressure activation vessel into 
which hydrogen is supplied. 

Fig. 2 is a cross-sectional view showing MH powder generated within the high 
pressure activation vessel. 

Fig. 3 is a cross-sectional view showing a MH tank being connected to the 
activation vessel. 

Fig. 4 is a cross-sectional view showing the MH powder being transferred from 
the activation vessel into the hydrogen storage tank. 

Fig. 5 is a cross-sectional view showing the hydrogen storage tank after being 
completely filled with MH powder. 

Fig. 6 shows a modification of the representative embodiment. 

[0011] 

DETAILED DESCRIPTION OF THE INVENTION 

In another embodiment of the present teachings, an ingot-shaped hydrogen- 
absorbing alloy may preferably be disposed within the activation vessel for activation. 
Herein, the term "ingot" is intended to mean a mass of metal that has been formed or cast 
into a convenient shape for storage or transportation to be later processed. Then, 



hydrogen gas is introduced into the activation vessel under appropriate temperature and 
pressure conditions* As a result, the ingot-shaped hydrogen-absorbing alloy will 
continuously crack and break up due to volume expansion caused by hydrogen absorption. 
For example, the inner surfaces (including newly generated surfaces that appear due to 
the cracks in the surface) are exposed to the hydrogen gas and as each surface absorbs 
hydrogen, it will expand and break off from the ingot. 
[0012] 

As newly emerging surfaces of the hydrogen-absorbing alloy absorb hydrogen 
and expand, addition cracks and fissures will form in the ingot-shaped hydrogen 
absorbing alloy until the hydrogen absorbing alloy is substantially pulverized- As the 
result, a substantially powdered hydrogen-absorption alloy can be obtained from this 
technique. The term "continuously" may mean continuous cracking or breaking over 
time or repeated emerging and cracking of each fresh surface of the ingot-shaped 
hydrogen-absorbing alloy. Because a substantially powdered hydrogen absorption alloy 
can be obtained simply by introducing hydrogen to the ingot-shaped hydrogen-absorbing 
alloy, no special procedures are required or necessary to make the powdered hydrogen- 
absorbing alloy. Further, by utilizing the ingot-shaped alloy, the surface area that may be 
exposed to oxygen in the air during the hydrogen-absorbing alloy activation process can 
be minimized. 
[0013] 

Preferably, the hydrogen storage tank may communicate with or may be 
connected to the activation vessel by a valve. The valve may be disposed on either the 
activation vessel or the hydrogen storage tank. The hydrogen storage tank may 
preferably be in a vacuum state or may be filled with an inert gas, such as argon* As a 
result, the hydrogen-absorbing alloy may be prevented from being exposed to oxygen in 
the air and thus, may be prevented from oxidizing. Preferably, the valve may include a 
ball valve in order to provide a tight seal. 
[0014] 

Each of the additional features and method steps disclosed above and below may 
be utilized separately or in conjunction with other features and method steps to provide 
improved techniques for manufacturing hydrogen storage tanks and methods for 
effectively storing hydrogen by utilizing hydrogen-absorbing alloys. Representative 



examples of the present invention, which examples utilize many of these additional 
features and method steps in conjunction, will now be described in detail with reference 
to the drawings. This detailed description is merely intended to teach a person of skill in 
the art further details for practicing preferred aspects of the present teachings and is not 
intended to limit the scope of the invention. Only the claims define the scope of the 
claimed invention. Therefore, combinations of features and steps disclosed in the 
following detail description may not be necessary to practice the invention in the broadest 
sense, and are instead taught merely to particularly describe some representative 
examples of the invention, which detailed description will now be given with reference to 
the accompanying drawings. 
[0015] 

A representative method for manufacturing a hydrogen storage tank is shown in 
Figs. 1 to 5. Such hydrogen storage tanks may be preferably utilized within a fuel cell 
system for a vehicle. Naturally, the hydrogen storage tanks prepared according to the 
present teachings also may be utilized in a variety of other ways. In the following 
description of the representative embodiments, the hydrogen-absorbing alloy will be 
referred to as "MH, ft in which "M" is intended to indicate a metal and "H" is intended to 
indicate hydrogen. 
[0016] 

A representative activation vessel 101 is shown in Fig. 1 and may also be 
referred to as a "reserve tank." As shown in Fig. 1, the activation vessel 101 preferably 
includes an interior 105, a connecting portion 107 and a ball valve 109. The interior 105 
of the activation vessel 101 may communicate with a hydrogen supply source 103 via the 
connecting portion 107 when the ball valve 109 is opened. 
[0017] 

Fig. 1 also shows MH ingot 111 disposed within the interior 105 of the activation 
vessel 101. MH ingot 111 is preferably a substantially solid block of hydrogen-absorbing 
alloy. In one embodiment of the present teachings, MH ingot 111 within the interior 105 
may be first cooled and then the activation vessel 101 may be connected to the hydrogen 
supply source 103 via the connecting portion 109. When the ball valve 109 is opened, 
hydrogen gas is introduced into the activation vessel 101. In a representative, but not 
limiting, embodiment of the present teachings, MH ingot 111 preferably comprises 



titanium and vanadium and has a body centered cubic (BCC) structure, 
[0018] 

The hydrogen-absorbing (hydrogen-storing) capacity of the hydrogen-absorbing 
alloy is influenced by local temperature and pressure conditions. Under relatively high 
pressure and low temperature conditions, MH ingot 111 will absorb hydrogen. Thus, in 
this representative embodiment, after MH ingot 111 within the interior 105 has been 
cooled, MH ingot 111 may quickly absorb hydrogen* In another representative, but not 
limiting, embodiment of the present teachings, the hydrogen is supplied to the interior 
105 of the activation vessel 101 at a pressure of about 0.5-10 MPa and a temperature of 
about 20-60°C 
[0019] 

As MH ingot 111 absorbs hydrogen, MH ingot 111 will begin to crack and break 
up, because the hydrogen-absorbing alloy expands due to hydrogen absorption. Thus, as 
shown in Fig. 2, a substantially powdered hydrogen-absorbing alloy, i.e., MH powder 113, 
can be produced within the activation vessel 101. Preferably, MH ingot 111 is cracked 
and broken up into particles having a size on the order of tens of microns. 
[0020] 

More specifically, during activation of MH ingot 111, the surface of MH ingot 
111 will crack due to the volume expansion of the surface portions of MH ingot 111 that 
has absorbed hydrogen. As portions of MH ingot 111 crack, the interior of MH ingot 111 
will be newly exposed to the outer surface of MH ingot 111. Then, the newly exposed 
surfaces of MH ingot 111 will also absorb hydrogen within the activation vessel 101, and 
thereby expand and further crack or break. In this way, MH ingot 111 will be 
continuously cracked and pulverized and change into a substantially powdered state due 
to the volume expansion caused by hydrogen absorption. As the result, MH powder 113 
can be produced within the activation vessel 101 and thus, the activation of MH ingot 111 
is completed. 
[0021] 

As shown in Fig. 2, if the ball valve 109 is closed, the MH powder 113 inside the 
interior 105 will not communicate with the outside. Therefore, MH ingot 111 and MH 
powder 113 can be prevented from being exposed to oxygen in the air during the 
activation process and thus, can be prevented from oxidizing. 



[0022] 

As shown in Fig. 3, the activation vessel 101 can then be inverted and connected 
to a hydrogen storage tank 121. Therefore, the connecting portion 107 of the activation 
vessel 101 will communicate with a connecting portion 123 on the hydrogen storage tank 
121 via the ball valve 109. Preferably, at this time, the ball valve 109 is closed and a 
vacuum is formed inside the hydrogen storage tank 121. 
[0023] 

The hydrogen storage tank 121 is shown in further detail in Fig. 4 and may also 
be referred to as a "hydrogen-absorbing alloy tank." The hydrogen storage tank 121 may 
include an interior 125 and a connecting portion 123. The MH powder 113 may be 
introduced into the hydrogen storage tank 121 by connecting the activation vessel 101 to 
the hydrogen storage tank 121 and opening the ball valve 109. Thus, the MH powder 113 
within the interior 105 transfers to and fills the interior 125 of the hydrogen storage tank 
121, Because the interior 125 of the hydrogen storage tank 121 is in a vacuum state, the 
movement of the MH powder 113 into the hydrogen storage tank 121 can be quickly 
completed due to the suction force caused by the vacuum state within the hydrogen 
storage tank 121. 
[0024] 

As shown in Fig. 5, when the MH powder 113 has been completely transferred 
into the hydrogen storage tank 121, the ball valve 109 can be closed and the activation 
vessel 101 can be removed from the hydrogen storage tank 121. Thus, the MH powder 
113 is prevented from communicating with the environment outside of the hydrogen 
storage tank 121. Further, the ball valve 109 is now attached to the hydrogen storage tank 
121. That is, the disposition of the ball valve 109 changes or moves from the activation 
vessel 101 to the hydrogen storage tank 121. 
[0025] 

Thus, a MH tank 121 filled with the MH powder 113 can be obtained in this 
representative manner. Because the MH powder 113 within the hydrogen storage tank 
121 has absorbed hydrogen, the hydrogen storage tank 121 can function as a device for 
storing hydrogen. 
[0026] 

As noted above, the MH powder 113 within the hydrogen storage tank 121 is 
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first activated within the activation vessel 101. In other words, the MH powder 113 first 
absorbs hydrogen before being transferred into the hydrogen storage tank 121. Thus, the 
activation vessel 101 functions as a device designed for a preliminary activation process 
such that the MH powder 113 absorbs hydrogen and expands within the activation vessel 
101. 
[0027] 

Consequently, MH tank 121 only receives MH powder 113 that has already 
expanded within the activation vessel 101 and it is not necessary to accurately calculate 
the initial volume expansion of the hydrogen-absorbing alloy to be filled into the 
hydrogen storage tank 121. In other words, the MH powder 113 filled within the 
hydrogen storage tank 121 does not cause excessively high stress on the hydrogen storage 
tank 121. As the result, the capacity of the hydrogen storage tank 121 to store the MH 
powder 113 can be maximized and further, the capacity of the hydrogen storage tank 121 
to store hydrogen can be maximized. In addition, the time to activate the hydrogen- 
absorbing alloy and to manufacture the hydrogen storage tank 121 can be minimized* 
Moreover, by utilizing the ball valve 109, the risk of contamination (oxidation) due to 
exposure of the MH powder 113 to oxygen in the air can be minimized. 
[0028] 

The above-described representative embodiment can be modified in various 
ways. For example, instead of cooling MH ingot 111 and contacting MH ingot 111 with 
high-pressure hydrogen disposed within the activation vessel 101, hydrogen at high- 
pressure and low temperature may preferably be introduced into the interior 105 of the 
activation vessel 101. MH ingot 111 may be cooled (endothermic) by the low- 
temperature hydrogen so that MH ingot 111 will effectively absorb hydrogen. 
[0029] 

According to the representative embodiment, as a preliminary step, the interior 
105 of the activation vessel 101 is in a vacuum state. However, instead of the vacuum, 
inert gas, such as argon gas, may preferably be introduced into the interior 105 of the 
activation vessel 101. According to this modification, exposure of MH ingot 111 to 
oxygen can be minimized due to the inert gas disposed within the interior 105. 
[0030] 

Further, although a vacuum state was formed in the hydrogen storage tank 121 in 
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the representative embodiment, an inert gas, such as argon gas, may instead be introduced 
into the hydrogen storage tank 121. In addition, after a vacuum state is formed in the 
hydrogen storage tank 121 or after an inert gas is filled within the hydrogen storage tank 
121, the activation vessel 101 may preferably be connected to the hydrogen storage tank 
121. On the other hand, a vacuum may be formed in the hydrogen storage tank 121 or an 
inert gas may preferably be filled into the hydrogen storage tank 121 after the hydrogen 
storage tank 121 has been connected to the activation vessel 101. 
[0031] 

Further, the ball valve 109 and the connecting portion 123, which define a 
ceiling portion of the hydrogen storage tank 121, may preferably be removed from the 
hydrogen storage tank 121. Instead, as shown in Fig. 6, a flat lid 227 may preferably be 
attached to the top of the hydrogen storage tank 221. When the ball valve 109 is removed 
from the connecting portion 123, an inert gas, such as argon, may be continuously 
supplied to MH tank 221 from an inert gas purging device 229. That is, while purging 
with an inert gas, such as argon, the flat lid 227 is attached to the top of the hydrogen 
storage tank 221. Thus, a MH tank 221 having a flat ceiling also can be utilized. 
[0032] 

Because inert gas is continuously supplied (purged) to the hydrogen storage tank 
221 by utilizing the inert gas purging device 229 when the ball valve 109 and the 
connecting portion 123 are replaced with the flat lid 27, the MH powder 213 will not be 
exposed to oxygen in the air. Further, due to the flat ceiling structure, the hydrogen 
storage tank 221 can have a wide variety of installation utilities, for example, to install the 
MH tank 221 in a fuel cell vehicle. 



